We carry out an econometric analysis of the Chinese regional system using Chinese economic data, constructing Chinese national and regional production and investment models by sector, in order to discover the causes of and remedies for interregional disparity, and to investigate the relation between the regional systems and the national economy in China. It is shown that regional production technology is a minor factor causing Chinese interregional disparity, and that regional investment level is the most important factor.
Introduction
Recent Chinese economic development has two main features: rapid growth of the national economy and widening interregional disparity. Interregional economic disparity is becoming a serious problem, brought about partly by historical events in Chinese regional development such as different development strategies in different periods, and the natural characteristics of each region. To decrease interregional disparity is one of the important recent targets of the Chinese government.
The historical stages of Chinese regional development strategies can be classified into four. The strategy of the first stage, 1949 to the late 1960's, was influenced by two broad sets of issues: economic rationality and national security needs (Kirkby [1989] , Wang [1993] ). While striving to achieve structural transformation from an agricultural to an industrial society, the overriding aspect of Chinese regional policy during this period was the national defense strategy. The government divided the country into six large cooperative regions (the northeast, northeast center, east, south, southwest and northwest; WANG, [1993] ) so that every region could become an independent area with the necessary human organization and industrial bases so as to supply munitions and other materials in the event of war. Though this policy would be ineffective during that period, it was regarded as a necessity by the Chinese government. The major effects of those regional development strategies were to promote heavy-industry growth in urban areas and, from the viewpoint of defense, to take new industrial development projects away from the coastal regions into the inland regions.
The second stage, from the late 1960's to 1970's was influenced, among other things, by the ''Great Leap Forward'', the ''Culture Revolution'' and the ''Changed Sino-Soviet Relationship'', etc. In particular, the changed relationship with the USSR led directly to a major regional development policy, the ''San Xian '' strategy (Third Front; Wang, [1993] ). Under this strategy, new industrial projects were not only directed to the inland areas (along with many military-related research and production units relocated from the north and northeast of the country), but also they were dispersed deep into mountain areas in the southwest region (Kirkby and Cannon, [1989] ). While it is true that, under the ''San Xian'' policy, development was directed to underdeveloped regions, the impetus for the policy was solely for defense and it was not accompanied by any coherent form of regional development planning. At this second stage, the Chinese regions were divided simply into inland and coastal regions, and the development strategy was focused on the development of the inland regions.
The third stage, from 1978 to 1992, was influenced by Chinese economic reform after 1978. This economic reform had changed the Chinese regional economic structure, speeded up the development of the regional economy, and also enlarged interregional economic disparity. Rural economic reform returned land to individuals by means of the ''Household Contract System''. This reform specified that householders can work in non-agricultural industries after completing their farming task according to the ''Contract''. This reform also saved labor largely in farming production and formed a labor force market, so that surplus labor could migrate among different regions. Local government could create township and village enterprises under this reform so as to improve the regional industrial structure. As Kirkby and Cannon [1989, p. 12] noted, in order to absorb more effectively foreign capital and investment for accelerating Chinese economic development, the central government initiated a series of policies to develop the coastal regions, establishing fourteen open port cities, five economic opening regions and four Special Economic Zones (SEZs). These special policies coastal regions to develop quickly and, as a result, enlarged the interregional disparities.
After commercial reform, 75 percent of all state-owned commercial and service companies were sold or leased to private owners. This empowered private enterprises to look for markets for their input in other regions so as to compete with State-Owned enterprises. They broke away from the restrictions of the regional economy and improved interregional trading. State-owned enterprise reform is a key part of Chinese economic reform. During the third stage, local governments and enterprises acquired the right to adjust their previous industrial structures, formed before economic reforms, so as to meet the requirements of the market and of regional economic developments.
Financial and fiscal Reforms were focused on the banking and taxation systems. Employment in non-state enterprises grew far more rapidly than before reform. Housing, pension and health reforms have made labor independent from enterprises in many fields and increased the possibility of inter-regional and inter-sector migration.
The fourth stage, from 1992 to the present, is influenced mostly by the government's inland regional development policies. Interregional disparity has become a serious problem, so the Chinese central government recently initiated a new series of policies. For example, developed regions are obliged to help developing regions improve investment in transportation systems, raise the level of education, and realize a better industrial structure. For this purpose, it is suggested that all the regions should be divided into cooperation groups. Another policy, from 1996, is to increase investment in the inland regions by means of a special government policy for inland regional development (lower tax, lower rent for land use etc.), so as to improve those region's economic level.
Although the Chinese government's regional development strategies have led to different regional economic development levels, and thus caused interregional disparity, there are also other reasons for interregional disparity. First, China is a country with a large area and a large population, so that the natural conditions and traditional customs are quite different among the regions. Secondly, the population density was high in the eastern coastal region, so many people emigrated to other Asian countries to live or work in the past, and many of them succeeded in their businesses and have strong economic power now. They invest in their hometown and wish to help the people there build their hometown into a better place. That is, the overseas Chinese started foreign investment in China. The third is physical factor, including geographic location, natural weather conditions and a long coastal line. Initially, it was very convenient for coastal regions to exchange international trade by sea. Ports in good condition, a convenient transportation system and well developed information network have been important factors for the rapid economic development of the south-eastern coastal regions but such ideal conditions were not available in all regions.
There are many papers analyzing Chinese economic development and regional economics. Wang and Denny [1990] analyzed economic reform and its effects on different regions. In particular, the impact of the Chinese ''Open Door'' policy on regional economic inequality was investigated by comparing data on foreign trade, foreign direct investment (FDI), and SEZ policies between inland and coastal regions. The conclusion was that Chinese interregional disparity was mainly caused by government regional development policies. Wang, Griffin and Zhao [1993] analyzed the Chinese income distribution system using data such as the distribution of income, wealth in rural regions, employment, human capital and urban wage. They pointed out interregional disparity was caused by regional income distribution policy. Under this policy, income level is lower in the agricultural industry than in other industries, in rural regions than in urban regions, in inland regions than in coastal regions because there are different productivity and industrial structures among the regions. Lin and Ma [1993] analyzed the role of towns in Chinese regional development's based on the Guangdong province. They suggested that development programs, which strengthen small and intermediate-size urban centers, could enhance the opportunities for raising regional productivity, reducing rural poverty, increasing rural income and decreasing the disparity between urban and rural regions, and between inland and coastal regions. Wang and Hague (1993) analyzed Chinese regional planning on the basis of Shannxi Province and reviewed Chinese regional development strategies, pointing out that Chinese interregional disparity was partly caused by even in the history of regional development. Wang and Li [1990] analyzed the Chinese regional system by such means as the regional natural conditions, economic conditions, social conditions and regional industrial structure. They pointed out that Chinese regional economic development was restricted by many factors, and interregional disparity was caused mainly by regional natural conditions, such as regional resource stocks, regional environment and geography. They suggested that the way to decrease interregional disparity was to improve regional transportation systems and try to reach a balance among regions in the distribution of resources. Wang and Feinerman [1991] analyzed the effects of FDI (foreign direct investment) on Chinese economic reform. FDI has played an important part in Chinese development since reform, and was also a key element in enlarging interregional disparity between the inland and coastal regions. He also pointed out that Chinese regional economic disparity was caused by regional investment level and concluded that if inland regions could absorb more investment, interregional disparity would decrease.
Although a large number of papers have been published on Chinese national and regional economics, few have provided quantitative and statistical analysis using regional and sectoral data. For evaluating various regional policies processing and formulating the most appropriate economic policies, it is necessary to quantitatively analyze a structure of the regional economic system and its influence on the national economy in China.
In the present paper, we carry out an econometric analysis of the Chinese regional system using Chinese economic data, constructing Chinese national and regional production and investment models by sector, in order to discover the causes of and the remedies for interregional disparity, and to investigate the relation between the regional systems and the national economy in China.
It is shown that regional production technology is a minor factor causing Chinese interregional disparity, and that regional investment level (capital stock) is the most important factor. In order to assess the impacts of alternative interregional allocation of capital stock on the extent of interregional disparity, a simulation analysis is performed. The results show that different regional investment strategies could decrease interregional disparity to a great extent.
The paper is organized as follows. Section 2 explains the data employed in the analyses. Section 3 describes the disparity between coastal and inland areas in China. Section 4 analyzes regional production function. Section 5 examines the economic disparity among the seven regions in China. Section 6 analyzes regional investment behavior. Section 7 undertakes simulation analysis for alternative scenarios of capital stock allocation among regions. Section 8 evaluates the performance of the Chinese regional economic model adopted in the analysis. Summary and conclusions are offered in section 9.
The Data
Most of the data used for subsequent empirical analysis for Chinese regional system is obtained from STATISTICAL YEARBOOKS OF CHINA, 1985 . In our analysis, China is divided into seven regions and industry is grouped into six sectors as follows: Seven Regions: ðr ¼ 1; . . . ; 7Þ (See Fig. 1 A brief explanation is made about the data used for this research. Y ri ðtÞ: output of sector i in region r at time t. In our analysis, We take mainly regional GDP as regional output to analyze regional economy. From 1985 to 1988, there was no data of regional GDP by sector in statistical yearbooks, and there was only the data of national income by region and by sector, and regional total output value of society by sector. The national income is equal to the summation of net output value of agriculture, manufacturing, construction, transportation, postal services, and commerce (including service at that time) and is closer to GDP than total output value of society, so we take national income by region as regional output in GDP. Interregional Disparity and Regional Economic System in Chinaobtained directly from the yearbooks, the available data was on construction investment I tri ðtÞ for state-owned enterprises by region and by sector, and the data on other kind of investment I r other ðtÞ for state-owned enterprises was available only by region. There was also data on the investment data of collective enterprises by region and by sector, I ri collective ðtÞ. From these data, we need to calculate I ri ðtÞ but there is no data for I r other ðtÞ by sector I ri other . For doing so, the ratio of I other ðtÞ to the other two kinds investment I c ðtÞ and I t ðtÞ, denoted by ðtÞ, was calculated at the national level from 1985 to 1994. Assuming that ðtÞ is identical among regions and sectors, regional and sectoral investment was calculated as. K ri ðtÞ: capital stock of sector i in region r at time t. Capital stock is the accumulation of past investment, so we use the following conventional method to calculate regional stock.
where d i ðtÞ is the depreciation rate of capital stock of industry i at time t. As the value of d i , ''Basic Depreciation Rate Of Fixed Assets Of State-owned Enterprise'' in the yearbooks was used on the assumption that the depreciation rate is identical among the regions. Since there is no data of the depreciation rate in agricultural and service industry in recent data resources, the depreciation rate in grain sector was applied to the agriculture sector and the national average depreciation rate was applied to the service sector. It is one of the most important jobs to calculate the regional capital stock K ri ðtÞ. Since most of Chinese economic data is available for 1985-1993, we need to know the value of 1984's 1984) . This value is considered to be close to the real value because most of capital stock by sector belonging to state-owned enterprises at that time in China. After determining original capital stock, we try to calculate original capital stock at the regional level. Firstly, we calculate the k i which denotes the ratio of sector's capital stock to total capital stock at the national level,
where K i is the value of capital stock of sector i. The results are shown in Table 2 . From the table, it is that the share of manufacturing is the largest (0.647) while the share of construction is the smallest in Chinese capital stock structure. It shows that Chinese government had larger investment for manufacturing industry.
On the assumption of identical productivity of capital at 1984 among the regions, the value of regional capital stock for whole sector at 1984 is obtained by the following method.
where K r ð1984Þ is the capital stock of whole sector in region r at 1984; P K r ð1984Þ is national capital stock of whole sector at 1984; Y r ð1984Þ is total output in region r at 1984; P Y r ð1984Þ is national GDP at 1984. Then we obtain regional capital stock by sector at 1984.
Once the regional and sectoral capital stock at 1984 is determined, the capital stock at the subsequent period is calculated using the formula in (2). L ri ðtÞ: employment of sector i at time t in region r. Employment data can be obtained by region and by sector from Statistical Yearbooks. Since Yearbooks have no data of service industrial employment, we regarded ''others sectors'' in the Yearbooks as belonging to service industry, and calculated the employment in service industry as total employment minus the sum of the employment in the other five sectors.
POP r ðtÞ: population in region r at time t. The data of regional population was obtained from Yearbooks of China, 1985 China, -1994 . CP r ðtÞ: production level of the coal resource in region r at time t. The data on GP and OP is obtained from the Yearbooks. Those resource variables are introduced as explanatory variables in the regional investment models.
d rs : the regional distance between region r and region s. In calculating the regional potentials to evolve regional investment models, some measure of interregional distance is needed. Since the most important transportation mode in China is the railway system, it is hypothesized that the railway time distance represents the distance between regions better than the interregional physical distance. The data used in our analysis was obtained from Ando's research (1997) , and interregional distance d rs is measured as the distance between the central cities in r and s.
PIðtÞ: the price index at time t; In our analysis, all data in monetary term was deflated by the price index with the base period being 1987. The data of price index by sector is not available in recent yearbooks, so we consider ''Overall Retail Price Index'' as the price index of regional output in every industry. The price index of investment in fixed assets is available from yearbooks, and we assumed that this index is identical among regions and sectors.
Disparity Between Coastal and Inland Areas
Tables 3-1, 3-2, 3-3 compare the output per head of population in each sector and total regional output per head of population between coastal and inland regions. For any of six industries, per capita output is larger in the coastal region. In four industries, the ratio of per capita output in the coastal region to that of the inland region is about 2.0. In particular, for the manufacturing and commerce sectors, the discrepancy is rather large. The discrepancy is least in the agricultural sector, the coastal-inland region ratio being 1.3. As a general trend, the discrepancy between the two regions has been increasing with time, the coastal-inland ratio of per capita regional product being 1.7 in 1985 and 1.96 in 1993. The labor productivity is higher as well in every sector in the coastal region, although (except for the agriculture sector) the coastal-inland region ratio is smaller than of per capita output. The highest ratio is observed in the service sector followed by the agricultural sector (see Tables 3 -4, 3-5, 3-6) . What has caused such a disparity, whether per capita output or labor productivity? This will be investigated next. It is quite natural to examine, first of all, the production technology which directly affects the output level and labor productivity. Thus, regional and sectoral production functions are analyzed.
Analysis of Production Function

Specification and estimation
A general from of regional and sectoral production function is represented as following: At first, the following Cobb-Douglas type function was applied, but the estimation result was unsatisfactory in most cases, i.e., the sign condition was not met and/or the coefficients were not significant.
Thus, the more general form with variable elasticity was applied. That is, 
In the simple Gobb-Douglas type (7), the elasticity of output with respect to labor input is ri . In contrast, the elasticity under (8) is 0ri þ ð 1ri þ 1ri Þ ln K ri ðtÞ, which depends on the employment level of the other input, K. In the regression, a dummy variable was introduced to eliminate the political affair in 1989.
It was impossible to satisfy the sign condition and significance for every coefficient in (8) probably because the number of estimated coefficients is large. A typical variation of the specification in (8), which was finally adopted, is in the following form. Table 4 shows the estimation results of the sectoral production function at the national level. Coefficient is positive and significant in every industry. Coefficient 0 is significant only in the transportation sector (namely, the efficiency coefficient of labor input partly do not depend on capital input amount).
The dummy variable (which takes zero at 1989 and 1990) is significantly positive in the four industries except for the commerce and service sectors, implying that the political affair in 1989 strongly affected production level. As for the goodness-of-fit, R 2 exceeds 0:8 in the agriculture, manufacturing and transportation sectors while being low in the commerce sector.
Tables 5-1 and 5-2 show the estimation results when the sectoral production function is applied separately to the coastal and inland regions.
The adopted forms are almost the same as the national production functions. The goodness-of-fit is higher in most cases than that of the national production function. 
Test of technological difference in production
It is tested whether there is a difference in production technology between the two regions in each industry. When the values of A r and/or a r in (9) differ largely between two regions, such technological difference possibly causes the interregional disparity in the per capita output or labor productivity observed above. of freedom of 2ðT À 3Þ. Thus, the following statistics is distributed according to a t distribution with degree of freedom of 2ðT À 3Þ.
The null hypotheses, H 0 , and the alternative, H 1 , are set as follows:
The test result is shown in Table 6 . Only in the agriculture sector, is the regional difference in A and a significant at a 1% level, suggesting the existent of technological difference between the two regions. But, for other sectors, the hypothesis of homogeneous coefficients between the two regions was not rejected even at a 10% level. Thus, the interregional difference of per capita output is, except for the agriculture sector, due to factors other than technological differences of production. Table 7 indicates the production functions estimated for each of seven regions. Unlike the previous sector where the difference between two regions was tested, the finally adopted from of a production function for each sector need not be the same among seven regions, because those regional production functions are used for the simulation analysis below. For each pair of regions and industries, the best model was selected from the viewpoint of coefficient's significance and the model's goodness-of-fit. Model (9) is adopted in many cases while model (7) fitted best in some cases including the manufacturing sector in all regions. The general tendency in Table 7 is very similar to that of Table 4 . The political affair dummy variable is insignificant in the commerce and service sectors in many regions. The agriculture sector has not been affected much by that affair. It is only in Huanan's construction sector that production technology has changed with time(T). Overall, the goodness-of-fit is low in the commerce and service sectors, and high in the other four industries. Table 8 through 10, respectively, show a time-series change of per capita GDP, average labor productivity, and per capita capital stock in each region. Per capita GDP and average labor productivity are highest in HD and second highest in HN while per capita capital stock is largest in HD and second largest in DB. Except for this difference in ordering, the interregional rank correlation among the three economic indicators is perfect. The coefficients of variation as an index of regional disparity were calculated at each time period, which are shown in Table 11 . Disparity is largest for per capital stock followed by per capita GDP, and the least for labor productivity. The pattern of time-series change in the coefficient of variation is almost identical among the three variables. They increased gradually between 1985 and 1988, decreased gradually between 1988 and 1990 , and returned once again to an increasing trend after 1990. An exception is that the coefficient of variation of per capita capital stock decreased from 1988 to 1991. We next examine interregional disparity for each industry. Table 12 exhibits the time-series change in the coefficient of variation of sectoral per capita output (i.e., sectoral output divided by regional population).
Estimation of production function at seven-region level
Economic Disparity Among the Seven Regions
The largest disparity has occurred in the manufacturing sector. The second and third largest interregional differences have been experienced, respectively, in the commerce and transportation sector. The disparity in the agriculture sectors is the least, the size of its coefficient of variation being about 40% of that of manufacturing industry. The share of total manufacturing industries output in GDP is more than 40% and, therefore, the extent of interregional disparity in per capita regional GDP will be greatly affected by the disparity in per capita manufacturing output. Actually, in the comparisons between Tables 11 and 12 , the pattern of change in the coefficient of variation is found to be almost the same for per capita regional GDP and per capita manufacturing output. This suggests that the larger per capita regional GDP, the larger per capita manufacturing output in the region. The output share of the agriculture sector is the second largest, about 20%, but as seen above, the interregional disparity of this sector is the least. Table 13 shows the extent of interregional disparity in sectoral labor productivity. Contrary to the per-capita GDP situation, the disparity in the manufacturing industry is the least while that of the agricultural sector is the largest. The second and the third largest differences were experienced in, respectively, the commerce and construction sectors. In the agricultural sector, the discrepancy in labor productivity is directly related in nature to the discrepancy in the distribution income of workers in that sector. From this standpoint, the observation in Table 13 is consistent with an empirical result in Lyons (1991) that interregional disparity in per capita consumption is larger in the farmers group than in the non-farmers group. Table 11 shows that an interregional disparity in labor productivity is smaller than that of per capita output. This is because, as Table 13 indicates, the interregional disparity in labor productivity is the smallest in the manufacturing sector whose output share at the national level is the largest.
Analysis of Investment Behavior
As the analysis above suggests, it is likely that the existing interregional economic disparity has been caused by a specific regional allocation pattern of capital stock. Therefore, it is essential to analyze regional investment behavior, which determines regional capital stock level. Following Crow (1979) , an econometric model is specified on the basis of the two-stage decision hypothesis of investment. First, national investment is determined for each industry, and then it is allocated among regions depending on their relative advantages. Since capital is mobile among regions, such a two-stage decision hypothesis is plausible if the investment made by firms whose products are traded in national market is prevailing in total investment typically in the manufacturing sector. In the agriculture and construction sectors, most regional outputs may be traded in their own regions. However, throughout the analysis, it is assumed that the two-stage decision hypothesis is applied in all the industries.
1Þ
In the first stage, the national sectoral investment function is set. The basic models are based on the capacityacceleration principle, the simple acceleration principle, and the profit principle. In Table 14 , the structures which were finally adopted in each sector are shown: the capacity-acceleration type fitted best in the agricultural, construction, manufacturing, and service industries; the simple acceleration type in the commerce sector; and the profit principle type in the transportation sector. R 2 is very high in the four industries but low in agricultural and commerce sectors. In the second stage, the amount of national investment in each industry is allocated among regions, depending on the relative advantage: the relative advantage being expressed in term of labor productivity, accessibility to markets, accessibility to resources, and investment level in previous period. High labor productivity means lower production cost, good access to markets needs more production capacity, good access to resources indicates good location for factories, and the previous year's investment represents the continuity of investment. These will be reflected in the specification of the regional investment allocation model. A typical from is as follows: 2Þ The larger PY r ; the larger the demand for products in region r. REO r represents the accessibility to oil resources, and is measured by the potential,
where OP s is the output of crude oil in region s: Similarly, the accessibility to coal resource is measured as
where CP s is the output of coal in region s. Regional investment typically takes the form of a new firm's location or expansion of existing factories. An important factor for choosing new locations of firms is the accessibility to resources such as oil and coal. In Table 15 particular this is true in heavy industry. Contrary to our expectation, however, the coefficients of REO and REC were not significant even in the manufacturing industry. One reason is that those two variables have rarely changed over time, and their relative values among regions are also stable. Another reason is that the accessibility to resources is not a short-run, but a long-run factor of investment decision such that regional investment allocation for each year does not react instantaneously to a change in resource accessibility, but a long-run trend of allocation is determined by the long-run relative ratio of resource accessibility. Thus it might be more appropriate to evaluate the effect of resource accessibility by means of dummy variables. In introducing dummy variables, a regional constant dummy variable takes the average value of REO r (or REC r ) over the time period considered, instead of taking unity, so that a change in the accessibility to resources caused by, for example, transportation system change can be assessed. In Table 15 ,
II ¼ I ri ðtÞ I i ðtÞ ; and W r is the REC dummy variable of region r: Table 15 shows the structure of regional investment function for each sector, which was finally adopted. In the manufacturing industry, the best model includes labor productivity, investment for the previous year, and the REC dummy variable. The coefficients of seven dummy variables are all significant. If the market size variable, PY is added to this model, some coefficients of the seven dummy variables turns to be insignificant. Besides the manufacturing industry, the REC dummy variables are significant in the transportation sector, indicating that the accessibility to energy resources is an important factor for investment decisions in this sector.
In both commerce and service sectors, the size of the market is an important factor. In most sectors, labor productivity difference is an important factor, which implies that national investment is allocated among regions depending on production efficiency. Except for the agricultural sector, the explanatory power of the adopted model is high to the extent that the two-stage decision hypothesis applies.
Simulation Analysis on the Basis of Hypothetical Capital Stock Allocation
Three alternative scenarios
From the analysis so far on the comparison between coastal and inland regions, and among the seven regions, it is hypothesized that the interregional disparity in per capita GDP is mainly due to an interregional disparity in per capita stock level. Thus, in this section, we estimate how the interregional income disparity will change in response to a hypothetical change in capital stock allocation among the regions. Furthermore, it is investigated how the national GDP is affected by a change in capital stock allocation among the regions. In other words, the capital allocation effect on the efficiency of the national economy is also examined. The literature so far has discussed the hypothesis of the ''inverted-U shape'' relation between interregional equity and efficiency of the national economy (e.g., Williamson [1965] ). We also intend to investigate whether this hypothesis will hold or not in the Chinese regional system. Simulation analysis is carried out under the following three alternative scenarios: Scenario 1: Capital stock is allocated in proportion to regional population.
Where 
where Y ri is the output in sector i in region r. Tables 16-1 to 16-7 show the actual value of capital stock K ri ðtÞ and its hypothetical value under the three scenarios. For each region, the hypothetical allocations are compared with the actual ones. HB: The actual allocation is close to those under scenario 2 and 3 while the allocated stock under scenario 1 is always smaller than the actual one. That is, more capital stock has been allocated to HB relative to its population size. DB: Capital stock under scenario 1 and 2 is extraordinary small compared with the actual value. That is, the capital stock in DB has been more than proportional to population, and has increased at a relatively high rate. HD: Capital stock has been allocated to the HD region more than in proportion to its population, but less than in proportion to its output, and its growth rate has been relatively low. HN: Capital stock has been allocated more than in proportion to its population and less than in proportion to its regional output, and its growth rate has been-relatively high. HZ: The capital stock allocation under scenario 3 almost coincides with the actual one. This implies that capital stock has been allocated to HZ in proportion to the regional output. However, the actual stock has been extraordinary small compared to population size and its growth rate has been relatively low. XN: Capital stock has been significantly small compared to population although it had increased at the national average rate. XB: Accidentally, the actual value and the three hypothetical values are very close to each other.
Simulation results
On the assumption that the labor input in sector i at time t is equal to its actual value, L ri ðtÞ, under any scenario, each regional sectoral output is simulated using the adopted structure of a corresponding production function in Tables 7-1 to 7-7 as:
Then, aggregating it over sectors, the regional per capita GDP is calculated as
Y ri ðtÞ POP r ðtÞ on the assumption that regional population is fixed to the actual size, POP r ðtÞ under any scenarios, which is summarized in Tables 17-1 to 17-7. Under scenario 1, simulated per capita GDP is larger than the actual level in HZ and XN which have larger population while it is smaller than the actual value in the other five regions (although in XB they are almost equal). In region HN, simulated per capita GDP is considerably lower than the actual value, since the actual capital stock has been considerably larger relative to the population size in that region. As for the ranking of per capita GDP among regions, the first and second placed regions are the same as their actual rankings, but the order between the third and fourth placed regions, and among the fifth though seventh places are different from the actual rankings. Under scenario 2, the simulated value is larger than the actual value in HD and HZ regions. In particular, in HD, simulated value exceeds actual one by more than 30%. Scenario 2 works favorably for the regions with large initial capital stock. The ranking of per capita GDP dose not change between first and second places but changes between third and fourth, and between fifth and sixth.
Under scenario 3, the simulated output exceeds the actual value in the HD, HN, and HZ regions, which it is below the actual value in the other four regions. In particular, in the HD region, the simulated value deviates largely from the actual one. As for ranking, only the order between HZ and HB is changed from the actual order. 
Equity versus efficiency
The interregional disparity and the efficiency of the national economy are compared among the three scenarios and the actual situation on the basis of the results in Tables 17. It is noted that the simulated values under the three scenarios are ''estimated'' ones and thus are affected by the errors associated with the estimation of production functions. Therefore, to eliminate the effect of estimation errors, instead of the ''actual'' output, the ''estimated'' output under the actual capital stock allocation is used in the comparison. Table 18 summarizes the per capita national output (= GDP/population), which is calculated using Tables 17, and the estimated actual output.
From the comparison of GDP size among the four cases for each year, the following ordering holds except for 1986.
Putting it another way, allocating capital stock according to regional capital productivity is a more efficient way in that it brings about larger GDP. Keeping the share of capital stock as constant for each region (scenario 2) is more efficient (although only a little) than the actual allocation. GDP is the smallest among the four cases when capital stock is allocated in proportion to population. Table 19 shows the coefficient of variation of per capita output among the seven regions, calculated from the simulated values. Except for ordering between scenario 2 and 3 in 1985 through 1987, the following ordering of the size of the coefficient of variation (i.e., the extent of inequality among regions) holds among the four cases:
In particular, scenario 1 considerably lowers the value of the variation coefficient, and thus significantly reduces the interregional disparity. On the other hand, under scenario 2 and 3 the efficiency of which is superior to the actual situation, the interregional inequality is larger than for the actual situation. An interesting observation is that, as far as the comparison between scenario 2 and 3 is concerned, the interregional disparity in per capita output for scenario 3 is smaller although national GDP under scenario 3 is larger. Summarizing the comparison among the four cases so far, we obtain an inverted-U shape relation between national GDP and the coefficient of variation of per capita regional GDP, as indicated in Fig. 2 . This observation coincides with the empirical results in, for example, Williamson [1965] and Mera [1975] . That is, the interregional disparity is enlarged with economic development until some threshold level, beyond which it is reduced.
3Þ It is concluded that the allocation pattern of capital stock significantly affects an interregional disparity as well as and efficiency of the national economy.
Final Test of the Regional Econometric Model
It is possible to trace the regional economic system in China using the structures of the econometric model adopted so far, and to evaluate various policy effects on the Chinese regional system taking advantage of that model. An outline of the model is represented by the flow-chart in Fig. 3 .
Given the interregional transportation network, the resource production level in each region, and the regional population and employment, the national sectoral investment is determined first, and subsequently, the regional sectoral investment and the capital stock determined. Regional sectoral capital stock, combined with regional sectoral employment determines regional sectoral output, which is aggregated into national sectoral output. The latter will affect national sectoral investment with a time-lag, and the regional system starts at the next time period.
In order to evaluate the performance of this econometric model as tracing the regional economic system in China, the final test of the model is carried out. 
A relatively large error is associated with the estimation of regional investment in the commerce and service industries. However, for capital stock estimation in the manufacturing industry, which has the largest share in output, the error ratio is small; it is largest in XB at 10% and between 2 and 3% in most cases. Thus, the error associated with the estimation of sectoral output is not so larger but with some exceptions. (e.g., in the commerce sector of HB and in the service sector in HD). In particular, the error ratio is small in the manufacturing and agricultural industries, where output share in GDP is high. For national sectoral output, MAPE is low in manufacturing (6.6%) and agriculture (2.7%) and high in the service sector (85%). Finally, in the estimation of GDP, the average error ratio is 19%. This is not an extremely good result but it can be judged that the adopted structures of the model can be used for evaluating the effects of transportation system change and population (employment) distribution changes on the regional and national economy in China.
Concluding Remarks
The regional economic system in China was investigated by means of a regional econometric model. Large disparities in per capita GDP and/or labor productivity have been experienced in China between coastal and inland regions. Statistical analysis of the sectoral production function concludes that there is no significant interregional difference in production technology, except in the agricultural sector, and thus observed interregional economic disparity was caused by factors other than differences in production technology.
It is hypothesized from the analysis of the coefficient of variation of some indexes that the interregional disparity has been due to the capital stock allocation among regions at the time. Therefore, a simulation analysis was performed using the estimated regional production function under some alternative scenarios of interregional capital stock allocation to examine how the interregional economic disparity and the efficiency of the national economy will react in response to a change in capital stock allocation. The results indicate that the interregional inequity and the efficiency of the national economy are greatly affected by the interregional allocation pattern of capital stock. The analysis also suggests an inverted-U shape relation between the interregional inequality and the efficiency of the national economy, which is consistent with observations in the literature so far.
In order to predict the capital stock at each time period, a regional sectoral investment function was set. In specifying the regional investment function the ''two-stage decision'' hypothesis applied well.
The performance of the regional econometric model, whose major components are production function and investment function, is judged to be satisfactory to the extent that the model can be used for evaluating the effects of various policies on the Chinese regional economy.
